Purpose: The aim of the article is to study the differences between efficiency of their research and innovation systems, innovation performance and efficiency of the Visegrad countries (Czech Republic, Hungary, Poland and Slovakia) as well as their regions.
INDICATORS AND MEASUREMENT OF INNOVATION PERFORMANCE
The innovative capacity of a country/region can be considered as its ability to produce and commercialize innovations to drive long-term economic growth and wealth creation. From this perspective, the capacity depends mainly on the innovation infrastructure, the innovation environment and the relationships between those two determinants. The drivers of the innovation processes at the national level are highlighted mainly in three integrated viewpoints: ideas-driven growth theory, microeconomics-based models of national competitive advantage and industrial clusters, and the concept of national innovation systems (Furman, Porter and Stern, 2002) . Each of three approaches tries to indicate and measure country-specific factors determining the flow of innovation towards a new-tothe-world innovation production, or to define the real and potential capabilities of a spatial system to convert knowledge into innovation (Lundvall and Johnson, 1994; Furman, Porter and Stern, 2002; Schiuma and Lerro, 2008) .
The microeconomics-based models of national competitive advantage and industrial clusters study factors of microeconomic environment related to the technological innovation and economic growth (Furman, Porter and Stern, 2002) . Porter (1990) recognized four key economic drivers:
1) Availability of high-quality and specialized innovation inputs (availability of the R&D personnel),
2) Local competitive contest focusing on the intense and rewards successful innovators (IP protection, cluster-specific incentives),
3) The nature of domestic demand for cluster producers and services (quality-sensitive local customers), 4) Availability, density and interconnectedness of vertically and horizontally related industries (making positive externalities).
The growth potential of each country depends principally on the national educational system, industrial relations, technical and scientific institutions, cultural traditions, government interventions and other factors and institutions (Freeman, 1995) . National innovation system (NIS) is focused on the structure description of organizations and activities, which contribute to the innovative behaviour of each country with the main aim to identify key players and the role of government in the observed system. NIS can be considered as one from a lot of factors that determine the flow of innovations in a country and in this way NIS contributes to the national innovation capacity.
The concept of national innovation systems emphasizes the importance of the organization and partners of activity that contribute to production and commercialization of innovations in a country, pointing out the crucial role of government policy and particular institutions. According to the national innovation systems approach, countries differ through the nature of their university systems, the extent of intellectual policy protection, the historical evolution of the industrial R&D organization and the division of labour between the actors of the Triple Helix segments -universities, private industries and government (Freeman, 1995; Lundvall and Johnson, 1994) . All three segments explain production and diffusion of innovation through the political and economic factors and the country innovative capacity is explained by technological superiority of the economy, labour force, investments and policy choices (government and private sector). The differences among countries are on the side of economic geography but also on the side of innovation policy (level of public support, IP protection). Furman, Porter and Stern (2002) classify determinants of the national innovative capacity into three groups: common innovation infrastructure, the cluster-specific innovation environment, the quality of linkages.
Patents are the most common proxy variable for the measurement of the innovative output, but the "realistic" rate of technological innovation is unobservable. The next table consists of the sub-determinants which are considered on the input side of the innovative processes categorized into three mentioned groups and a fourth group is added covering related: In the other words, the national innovative capacity depends on the microeconomic environment situated in the industrial clusters.
C: The quality of linkages between the common innovation infrastructure and industrial clusters is crucial. For example, the strength of the common innovation infrastructure leads to increase in the innovative output for a cluster innovation environment and vice versa.
The coexistence of the three groups A-C of determinants is defined the national innovative capacity a country's potential to produce a stream innovative products and services (usually measured by number of patents), what can be presented as follows (Figure 1 ): Figure 1 -National innovative capacity framework according to Furman, Porter and Stern (2002) The differences in the efficiency of innovation systems, i.e. generating the best possible output from the current level of input, are huge among the EU countries. Although the increasing investment leads theoretically to a higher level of excellence in science and technology, the innovative output grows still slowly in some countries, including the Visegrad group (Poland, Czech Republic, Hungary and Slovakia).
In the article, the Visegrad countries are to be compared according to National innovative capacity framework based on the composite index methodology. As there are surely substantive differences in innovation capacity or performance at the level of regions, the NUTS II regions of the Visegrad countries are evaluated in terms of their innovation performance. Of course, the differences exist thank to agglomeration and location effects and there is an interesting question, what is the efficiency of the regional innovation systems measured by the Cobb- 
PERFORMANCE OF THE RESEARCH AND INNOVATION SYSTEMS: VISEGRAD COUNTRIES
The next analysis brings the comparison of the four Visegrad countries in terms of efficiency of their research and innovation systems, also compared to EU average. Data used for the comparison comes from several sources and the composite indices are defined to mirror R&D intensity, excellence in research, the economic impact of innovation and knowledge-intensity of the economy.
The R&D intensity is defined as a Gross Domestic Expenditure on R&D (GERD) as % of the Gross Domestic Product (GDP). The Frascati Manual expresses Gross Domestic Expenditure on R&D through four sources of funding (Business Enterprise, Government, Other national sources or Foreign) and four sectors of performance:
 Higher Education Expenditure on R&D (HERD),
 Private non-Profit expenditure on R&D (PNPRD).
The level of R&D intensity is measured then as the average of the four given indicators, and also its rate is measured as the growth over the last decade.
The excellence in research (science and technology) is defined as the composite index measuring the modernisation of research institutions, the vitality of the research environment and the quality of research outputs (basic and applied research). It consists of four variables:
 Share of highly cited publications in all publications where at least one of the authors has an affiliation in a given country,  Number of top research universities and public research organizations in a country per million population,  Number of patent applications per million inhabitants,  The total value of the European Research grants received divided by the public R&D performed by the higher education and government sectors.
Index of economic impact of innovation consists of several Innovation Union Scoreboard indicators:
 PCT (Patent Cooperation Treaty) patents applications per billion GDP,  Employment in the knowledge-intensive industries as % of total employment,  Contribution of medium and high-tech (HT&MT) product exports to trade balance (calculated as the difference between existing industry trade balance as export minus imports and the theoretical trade balance),  Sales of new to the market and new to firm innovations as % of turnover and knowledge-intensive services exports as % total service exports.
The Knowledge-intensity of the economy is also defined as the composite index mirroring the structural change of economy through the production and employment, business research and development, high-tech exports, technological specialisation and foreign direct investments. It can be divided into five groups (dimensions): The highest R&D intensity among the Visegrad countries exist in the Czech Republic, followed by Hungary and increase in the R&D investment (R&D intensity) should theoretically lead to increase in the S&T excellence. Indeed, the performance of Czech Republic and Hungary is higher in all the research and innovation indices in comparison to Poland and Slovakia ( Table 2) . 
INNOVATION PERFORMANCE OF THE VISEGRAD REGIONS
The innovation policy is a part of a public policy aiming to improve social welfare. The innovation system plays a crucial role in the political discussions and brings a new range of innovative tools focused on the networking, clustering and personal mobility simultaneously. The innovation policy is one of the horizontal policies and it works as a connection between economy, industry and research.
Countries seek to increase investment into new structures and tools for the innovation policy, which should improve their competitiveness. The World Economic Forum gives a generally accepted definition of the macroeconomic competitiveness: competitiveness is the "set of institutions, policies and factors that determine the level of productivity of a country" (Schwab and Porter, 2007) .
The EU indicates regional disparities and although almost all the new member countries achieved interesting growth in the sense of the index of competitiveness, still, many regions in the new member countries are evaluated as considerably less competitive than the European average. The Regional Competitiveness Index RCI (Annoni and Kozovska, 2010) , is evaluating three pillars with the scales according to the region stage (medium, intermediate, high): (Annoni and Kozovska, 2010) The Pillar 1 includes factors necessary for the basic functioning of any economy. The Pillar 2 describes a more sophisticated economy, having a higher potential skilled labour force and a structured labour market. Finally, the Pillar 3 is mirroring high-tech and innovation factors and competitiveness of an economy. Figure 2 shows widespread interregional but also international differences existing in the Visegrad group (subindices). The west-east divide is partially visible in all the countries. Hungarian regions are mostly competitive in the pillar of the basic economy functioning (the darker parts in Figure 2 ), but RCI is highlighting only the capital city region as competitive. The Czech Republic has the highest proportion of the most competitive regions in the Visegrad group (overall RCI). Slovak regions show the same picture in all indices -decreasing values from the west to the east of the country. This contrast is visible on the Figure 2 , primarily in the second and third sub-index. Poland is much more varied, although the better performing regions are the central Mazovia region and the southern belt of the regions Lower Silesia, Opolskie, Silesia and Lesser Poland.
RCI of the Visegrad regions as well as values of the three pillars -subindices) are given in Table 4 (SI1 -sub-index Basic, SI2-sub-index Efficiency, SI3 -subindex Innovation).
Figure 2 -Components of the regional competitive indices -the NUTS2 level (The higher level of index, the darker region is.)

METHODOLOGY: THE RELATIVE INNOVATION EFFICIENCY OF THE VISEGRAD REGIONS
If considering only ratio as a sign of the efficiency of business R&D in producing patents, Switzerland, Germany and the Netherlands are the European leaders (JRC EC, 2014). On the contrary, Central and Eastern European countries invent the fewest number of EPO patents per euro of business R&D expenditure. The concept of the knowledge production function (Liu and Buck, 2007) may serve for the measurement of the effectiveness as a more advanced approach than in the EC report. The function has a form of the Cobb-Douglas-type function and can be used (Fritsch and Slavtchev, 2011) for analysing the technical efficiency of the innovation process explaining the relationship between innovative input and output. (Annoni and Kozovska, 2010) Cobb-Douglas-type function can be expressed according to Griliches (1979, cited in Fritsch and Slavtchev, 2011, p. 906) and Jaffe (1989, cited in Fritsch and Slavtchev, 2011, p. 906 ) as = , explaining the relation between innovative output Y of unit i and the set of inputs X of unit i, where is an inefficiency parameter of unit i. Although the number of patents, as the indicator of innovative output, has some disadvantages for the research (not all inventions are patented, patents are just a part of innovation activity), they are still widely used and easily applicable to study outcomes of the innovative efforts. A deterministic approach (negative binomial regression -Poisson distribution of patents) can exploit the business R&D expenditures at the input side and together with the dummy variable for each country, to evaluate the innovative effectiveness of Visegrad regions. Certainly, for the knowledge production function is appropriate to assume time lag of four years between using innovative input (business R&D expenditures -firms are considered as the main patent producers) and generating the innovative output (patents). 
Patents and R&D expenditures: OECD -innovative indicators. EUROSTATscience. technology and innovation
The extensive regional differences in efficiency of the regional innovation systems can be found largely in Poland covering both the highest (Lodzkie. Lesser Poland) and lowest (Warmian-Masuria) regional innovation efficiency in the whole territory of interest. It is worth to note the meaning of the relative efficiency -it shows only the relation between the input (BERD) and output (patents). The most performing regions in innovation (capital regions) do not belong to most efficient regions in number of patents according to expenditures on R&D The relative innovation efficiency of the Visegrad regions is shown in Figure 3 : 
POLITICAL ASPECTS OF INNOVATIONS AND IMPACT OF REGULATION ON INNOVATIONS
Regulations (rules of public authorities and governmental bodies) are aimed to maximize collective welfare or to reach distributive goals. Innovation can be regulated in three ways:
 Economic regulation on innovation (competition policies. price regulation. market entry regulations. regulation of natural monopolies and public utilities).  Social regulation on innovation (impact of environmental regulation.
safety regulations mainly in the health sector).  Institutional regulation on innovation (administrative regulations -impact of liability rules on innovation).
The Cobb-Douglas type of production function can serve as the description of the entity (region. country) ability to transform innovative input to innovative output. Although. knowledge production function does not treat the whole innovation process. the production of knowledge can be considered as the precondition for innovation (the invention transforms into innovation in the process of commercialization -in the process of bringing invention to the market). The knowledge production function can be used as the starting point for evaluating closeness of a region to efficiency frontier.
The closeness to efficiency frontier is supposed to be influenced by the national conditions (environment), in which the transformation process is running. The environment consists of regulation (economic, social, and institutional) and several other factors. We also assume the regional GDP as one of the factors contributing to regional innovation performance. The Figure 4 shows the spatial distribution of the innovation efficiency with the country as dummy variable on the left side (specific conditions in each country, regulation and other factors), the innovation efficiency without dummy variable national factor on the right side and finally, distribution of regional GDP per capita.
The Figure 4 demonstrates similar picture of the regional innovation efficiency either with or without the country factor. The value of correlation coefficient 0.96 is high. The efficiency without country dummy factor is lower for all regions but the Polish region Lodzkie -the benchmark in the group with efficiency equal to 1.0. Differences in the efficiency level are primarily visible in Slovakia. In this case, the patent regulation plays a role. The next table shows the differences between achieved innovative efficiency in more details.
The values of efficiency calculated for both with and without dummy variable are shown in the Table 6 . 
CONCLUSION
Visegrad countries are among the worst performers in innovation and competitiveness in the European Union. The highest R&D intensity among the Visegrad countries exist in the Czech Republic, followed by Hungary, and the innovation performance is led by the capital regions of Prague and Budapest. EU Regional Competitiveness Index derived from the World Economic Forum which constructed the Global Competitiveness Index can serve for reasoning on the whole Visegrad territory of NUTS II regions to see their performance. The approach combines the views of the regions as 'basic', 'efficiency', and "innovation" driven regional economies covered by three pillars of variables.
The Czech Republic has the highest proportion of the most competitive regions in the Visegrad group (overall RCI). Slovak regions show the same picture in all indices -decreasing values from the west to the east of the country.
The concept of the knowledge production function of the Cobb-Douglas type may serve for the measurement of the efficiency as a more advanced approach than in the EC report explaining the relationship between innovative input and output. The results are certainly different if replacing performance by the efficiency. Instead of the capital regions, several Polish regions (Lodzkie. Lesser Poland) and Czech regions (Central Moravia and South-East Moravia) belong to most efficient regions in innovation.
The factor of a country is not much important -so the Visegrad group of countries is fairly homogeneous in the regulatory framework related to research, development and innovation.
